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(C) ABSTRACT (U)

The purpose of this research program was to define, by analysis and experimental
evaluations, the design criteria and performance characteristics of a high-pres-
sure-ratio, single-stage centrifugel compressor. The overall performance target
was a pressure ¢atio of 10:1 at an efficiency of 80 percent and at an airflow rate of
2.0 pounds per second. The research was expected to lead to development
of advanced technology, applicable to small gas-turbine engines.

The research plan was to design 4 impellers and 4 diffusers using the best avail-
able knowledge. The components were to be tested and the design methods evalu-
ated. Further tests were to be conducted with modified components to evaluate
improvsinents in the design methods and add to the basic understanding.

Each impeller was designed io provide a total-i{o-total pressure ratio of about
13:1 at a tip speed of 2000 fps, resulting in an absolute Mach number leaving the
impeiler of about 1.3. The inducers were designed with inlet-relative Mach num-
bers from 0.95 to 1.23, and the selecied impeller diameters were from 6.0 to
8.0 inches.

The diffusers were designed to match {ie impeller discharge Mach number of 1.3.
Water-table studies were conducted with diffuser models to develop preliminary
evaluations of the flow charactaristic’, Four diffuser models were selected for
test with the same impeller. The diffuser test rig was instrumented with schlie-
ren photography to evaluate the shock system of the diffuser. Diffuser models
were designed to vary vaneless-space-diameter ratio, throat Mach number and
throat area for investigating flow behavior and variable-airflow-capacity as a
means of improving part load fuel consumption.

From test results, best total-to-total pressure ratio was 10:1 for the research
impellers and 11,6:1 for the diffuser research impeller, which was 1 to 2 atmos-
pheres below the target. Based on these results, methods for predicting perform-
ance and evaluating the flow characteristics of the impellers were reviewed. A
revised flow model was developed to account for differences in flow behavior for
several impellers, including two from previous research programs.

Diffuser performance -equal to the design requirements was demonstrated during
compressor tests. A flow model created for the diffuser showed that the stream-
lines through the vaneless space did not follow a conventional free-vortex distribu-
tion. Instead, only modest diffusion took place in the vaneless and semivaneless
spaces. Just before the vanes, a shock occurred which produced a subsonic Mach
number in the channel throat. Single-channel diffuser tests were also conducted
to obtain basic channel performance data. These tests showed, contrary to the
available literature, that for two-dimensional-channel diffusers, performance

was nearly constant to a throat Mach number of 1,0, This finding was a
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significant contribution to the fundamental understanding of subsonic two-
dimensional diffusers and provided new information for channel design.

It was concluded from this compressor research program that there are no
known fundamental reasons preventing the development of a high-pressure-ratio
centrifugal stage. Overall compressor pressure ratios of 9.4:1 at efficiency
levels of 72 percent were demonstrated. Principal performance deficiencies of
the compressor were identified as impeller exit mixing and the diffuser channel
loss. Although the diffuser met the original performance target, the research
has shown that further improvement must be expected. Design methods were
established which led to a new compressor to be presented in a follow-on report.

Although the targeted efficiency was not demonstrated in tests of the overall
compressor, significant new technology was established, producing understanding
of transonic flows in impellers and diffusers.
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(U) FOREWORD

The program reported in this document was conducted for the U, S. Army
Aviation Materiel Laboratories (USAAVLABS) and was authorized by Task
1M121402D14413 under contract DA 44-177-AMC-173(T) in May, 1964. The
work involved research aimed at advancing the technology of high-pressure-ratio
centrifugal compressors; it was performed concurrently with similar programs
related to high-temperature turbines and compact, lightweight regenerators for
small gas-turbine engines.

This report covers basic studies, analyses, and experimental evaluations of
{mpellers and diffusers designed to provide technologies for achieving a single-
stage pressure ratio of 16:1 at an adiabatic efficiency of 80 percent. A follow-on
report, USAAVLABS Technical Report 67-47 '"Design and Development of Small,

Single-Stage Centrifugal Comprd 3sor" (U) (Classified Confidential) covers
. the application and evaluation of these technologies for a complete compressor.

Portions of the report have been classifizd, inasmuch as they present new
theories on flow phenomena throughout the compressor. Sections so designated
are as follows:

Summary;

Section 2.0, Analytical Studies;

Section 6.0, Test Resul's;

Section 7.0, Evaluation of Test Results;
Appendix 1, Impeller Radial-Equilibrium Design;
Appendix X, Schlieren Photographs,

Acknowledgment is given to Mr. LeRoy H. Hubert, Project Engineer for
USAAVLABS, and to the following individuals from The Boeing Company who
assisted in the preparation of material contained in this report: Messrs. D. F.,
Allred, Design Engineer: S. L. Bryant, Design Engineer; H. H, Burlingame,
Instrumentation Engineer; 't, D. Cohen, Instrumentation Engineer; C. R.
Johnson, Test Engineer; C. M. Lewis, Stress Engineer; P. G, Schorr, Compres-
sor Research Engineer; R. C. Walker, Instrumentation Engineer; and L. J.
Winslow, Compressor Research Engineer.

For their assistance and efforts in specialized areas of research, credit is given
to Dr. R. C. Dean arnd Dr. P. W. Runstadler, both of Creare, Incorporated,
Hanover, New Hampshire.
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